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SURMHFWV WUDQVIRUPLQJ VRPH RI WKH PDQ\ H[LVWLQJ KHDG GLVVLSDWLRQV DORQJ FRQGXLWV LQ HOHFWULF SRZHU ILQDQFLDOO\
DWWUDFWLYHIRUZDWHUPDQDJHUV
6PDOOWXUELQHVFDQEHLQVWDOOHGSRWHQWLDOO\LQDQ\ORFDWLRQZKHUHSUHVVXUHPXVWEHUHGXFHGLQDFRQYH\DQFHV\VWHP
VXFKDVDWWKHKHDGZRUNVRIZDWHUWUHDWPHQWSODQWVZDVWHZDWHUWUHDWPHQWSODQWRXWIDOOVRUDWDQ\SUHVVXUHUHGXFLQJ
VWDWLRQ6PDOOK\GURSRZHUSURMHFWVGRQRWQHHG WREH ORFDWHGQHDUD ULYHURUDGDPDQGVHYHUDOFRPPXQLWLHVKDYH
UHFHQWO\EHJXQ WRSURGXFHHOHFWULFHQHUJ\DW DOO H[LVWLQJZDWHU IDFLOLWLHV >@2Q WKHRWKHUKDQG WKHSUDFWLFDO
LPSOHPHQWDWLRQRIPDQ\SODQWVLVVWLOOXQHFRQRPLFDOGXHWRWKHQHHGRIFRQYHQWLRQDOH[SHQVLYHHTXLSPHQWVXFKDV
K\GUDXOLFWXUELQHVHOHFWULFDOHTXLSPHQWDQGFRQWUROOHUVWKDWKDGEHHQGHVLJQHGIRUODUJHK\GURSRZHUSODQWVDQGDUH
QRWVXLWDEOHIRUVPDOORQHV>@
&URVV)ORZ&)WXUELQHVDUHPDFKLQHVZLWKDVLPSOHJHRPHWU\GHVLJQDQGFRQVWUXFWLRQZKLFKGLVSOD\DYHU\JRRG
HIILFLHQF\IRUYHU\GLIIHUHQWORDGFRQGLWLRQV3UHYLRXVVWXGLHVDGGUHVVHGWKHRSWLPDOFRQILJXUDWLRQRIWKH&)WXUELQH
E\XVLQJERWKQXPHULFDODQGH[SHULPHQWDOPHWKRGV>@8VXDOO\&)WXUELQHVDUHUHJDUGHGDVLPSXOVHPDFKLQHV
VRWKDWWKHZDWHUIORZHQWHULQJLQWRWKHLPSHOOHUEHKDYHVOLNHDIUHHZDWHUMHWOHDYLQJWKHQR]]OHVXFKDVLQ3HOWRQ
WXUELQHV8VLQJWKLVDSSURDFKWKHYHORFLW\DWWKHLQOHWRIWKHLPSHOOHUVKRXOGEHHVWLPDWHGYHU\FORVHWRWKH7RUULFHOOL
V
IRUPXODDVLWKDSSHQVIRU3HOWRQWXUELQHV>@EHFDXVHUHODWLYHSUHVVXUHLVDVVXPHG]HURDWWKHLPSHOOHULQOHW
5HFHQWVWXGLHV>@KDYHVKRZQWKDWWKHSUHVVXUHDWWKHLPSHOOHULQOHWLVIDUIURP]HUR,QWKHQXPHULFDOLQYHVWLJDWLRQ
RI >@ WKH&)'DQDO\VLV VKRZHGZDWHU SUHVVXUH DW WKH LQOHWPXFK ODUJHU WKDQ ]HUR OHDGLQJ WR D UDWLREHWZHHQ WKH
7RUULFHOOLYHORFLW\DQGWKHVLPXODWHGRQHPXFKORZHUWKDQ
,QWKLVVWXG\DVLPSOHUHODWLRQVKLSEHWZHHQWKHZDWHUKHDGDWWKHLQOHWWKHFRUUHVSRQGLQJPHDQYHORFLW\DQGWKH
YHORFLW\RIWKHUHIHUHQFHV\VWHPDWWKHLPSHOOHULQOHWLVSURSRVHG7KHQHZIRUPXODDVZHOODVWKHHIILFLHQF\FXUYHRI
WKH WXUELQHGHVLJQHG DFFRUGLQJ WR WKH DSSURDFKSURSRVHGE\ >@ LV H[SHULPHQWDOO\ WHVWHGXVLQJ D ODERUDWRU\SODQW
VSHFLILFDOO\GHVLJQHGDQGFRQVWUXFWHGLQWKHK\GUDXOLFODERIWKH',&$0'HSDUWPHQWRIWKH8QLYHUVLW\RI3DOHUPR
'HVLJQSURFHGXUHDQGDQHZYHORFLW\IRUPXOD
7KH WKHRUHWLFDO DSSURDFK GHVFULEHG LQ >@ VKRZV WKDW WKH PD[LPXP HIILFLHQF\ LV REWDLQHG ZKHQ WKH UHODWLYH
WDQJHQWLDOYHORFLW\LVDERXWWZLFHWKHYHORFLW\RIWKHUHIHUHQFHV\VWHPVXFKWKDW
FRV 9 5D Z     
ZKHUH9LVWKHYHORFLW\QRUPDWWKHLPSHOOHULQOHWD LVWKHDWWDFNDQJOHZ LVWKHURWDWLRQDOYHORFLW\RIWKHLPSHOOHU
DQG5LVWKHRXWHUUDGLXVRIWKHLPSHOOHUVHHWKHJHRPHWULFDOVFKHPHRIWKH&)WXUELQHLQ)LJ7KHWXUELQHSURWRW\SH
ZDV GHVLJQHG DVVXPLQJD    ZKLFK SURYLGHV D JRRG HTXLOLEULXP EHWZHHQ K\GUDXOLF HIILFLHQF\ DQG VWUXFWXUDO
VWUDLQV DV DOVR VXJJHVWHG LQ WKH OLWHUDWXUH >@7KH IROORZLQJ7RUULFHOOL
V UHODWLRQVKLS EHWZHHQ WKH LPSHOOHU LQOHW
YHORFLW\DQGWKHQHWKHDG+LPPHGLDWHO\EHIRUHWKHWXUELQHZDVDVVXPHG
79 & J+   
ZKHUHWKHYHORFLW\FRHIILFLHQW&7ZRXOGEHFORVHWRLID]HURSUHVVXUHFRQGLWLRQZHUHYHULILHGDWWKHLPSHOOHULQOHW
DQGQRHQHUJ\ORVVHVRFFXUUHGLQVLGHWKHQR]]OH7RGHVLJQWKHSURWRW\SHRIWKH&)WXUELQHWKHDXWKRUVVHOHFWHGLQD
ILUVWVWHSIHZSDUDPHWHUYDOXHVRQWKHEDVLVRI(TVDQGDVZHOODVRIWKHFRQWLQXLW\HTXDWLRQDQGWKHLQSXW4
DQG+GDWD,QDVHFRQGVWHSRWKHUGHVLJQSDUDPHWHUVKDYHEHHQVHOHFWHGZLWKWKHKHOSRI&)'DQDO\VLVQXPEHURI
EODGHVDQGGLDPHWHUUDWLR7KHUDGLXV5ZDVHVWLPDWHGE\XVLQJ(TVDQGJLYHQDQLQLWLDOYDOXH&7HTXDOWR
DVVXJJHVWHGLQ>@WREHLWHUDWLYHO\FRUUHFWHGXVLQJ&)'VLPXODWLRQV
$PRUHSUHFLVHUHODWLRQVKLSEHWZHHQ+DQG9FDQEHSUHGLFWHGRQO\LIDQHVWLPDWLRQLVPDGHRIWKHSUHVVXUHSLQDW
WKHLPSHOOHULQOHW,Q WKLVFDVHDVVXPLQJVWHDG\VWDWHFRQGLWLRQDQGQHJOHFWLQJHQHUJ\ORVVHVLQVLGHWKHQR]]OH WKH
IROORZLQJUHODWLRQVKLSLVJLYHQE\WKH%HUQRXOOLHTXDWLRQ
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ZKHUH&9 LV WKH YHORFLW\ FRHIILFLHQW FORVH WR  RQO\ LI DOO WKH SUHYLRXVO\ PHQWLRQHG K\SRWKHVLV VWHDG\VWDWH
FRQGLWLRQVUDGLDOV\PPHWU\HWFZHUHH[DFWO\VDWLVILHG
([SHULPHQWDO)DFLOLW\DQG7HVWGHVFULSWLRQV
([SHULPHQWV KDYH EHHQ FDUULHG RXW LQ WKH ODERUDWRU\ RI WKH 'HSDUWPHQW RI &LYLO (QYLURQPHQWDO $HURVSDFH
0DWHULDOV(QJLQHHULQJ',&$0RIWKH8QLYHUVLW\RI3DOHUPR,WDO\7KHH[SHULPHQWDOIDFLOLW\LVPDGHRIDZDWHU
SXPSLQJV\VWHPDQGDWHVWVWDQGZLWKWKH&)WXUELQHSURWRW\SHFRXSOHGZLWKDV\QFKURQRXVJHQHUDWRU$VPDOO.:
WXUELQHSURWRW\SHGHVLJQHGDFFRUGLQJWRWKHSUHYLRXVO\PHQWLRQHGFULWHULDDQGFRQVWUXFWHGLQVLGHWKH,1$)ODERUDWRU\
RI3DOHUPRKDVEHHQLQVWDOOHGLQDORRSHGK\GUDXOLFFLUFXLW,Q)LJDJHRPHWULFDOVNHWFKRIWKHH[SHULPHQWDOIDFLOLW\
LVVKRZQ
7KHSXPSLQJV\VWHPSURYLGHVWKHLQOHWSUHVVXUHDQGWKHIORZUDWHIRUWKH&)WXUELQH7KHV\VWHPRSHUDWHVLQD
FORVHGORRSPRGHDQGLVFRPSRVHGE\DQRSHQWDQNUHVHUYRLUDVXFWLRQSLSHDFHQWULIXJDOSXPSDGLVFKDUJHSLSHD
E\SDVVSLSHDQGWZRPDQXDOYDOYHVZKLFKDOORZWRUHJXODWHERWKWKHIORZUDWHDQGWKHSUHVVXUHIRUWKHWXUELQHLQOHW
7KHIORZUDWHLQWKHGLVFKDUJHSLSHLVPHDVXUHGE\DFODPSRQIORZPHWHUORFDWHGLQDVHFWLRQVKRUWO\XSVWUHDPWKH
LQOHWRIWKH&)WXUELQH7KHGHYLFHLVDWUDQVLWWLPHXOWUDVRQLFIORZPHWHUGHVLJQHGWRZRUNZLWKFODPSRQWUDQVGXFHUV


)LJ$JHRPHWULFDOVNHWFKRIWKHH[SHULPHQWDOIDFLOLW\
7KH WHVW VWDQG LV PDGH RI WKH &) WXUELQH SURWRW\SH FRXSOHG ZLWK D JHQHUDWRU D WRUTXHPHWHU DQG D GLJLWDO
PDQRPHWHU 7KH WXUELQH SURWRW\SH XVHG LQ WKH H[SHULPHQWV ZDV EXLOW DW WKH ODERUDWRU\ RI 1DWLRQDO ,QVWLWXWH IRU
$VWURSK\VLFV,1$)RI3DOHUPR,WDO\7KHWXUELQHSURWRW\SHKDVWKHIROORZLQJPDLQFRPSRQHQWVWKHQR]]OHWKH
LPSHOOHUDQGWKHFDVLQJ7KHLPSHOOHUKDVQRLQWHUQDOVKDIWDQGLVPDGHE\WZRVWDLQOHVVVWHHOFLUFXODUSODWHVOLQNHGE\
EODGHVRSWLPL]HGLQRUGHUWRPD[LPL]HWKHWUDQVIHURIHQHUJ\DFFRUGLQJWRWKHSUHYLRXVO\PHQWLRQHGSURFHGXUH$
SLFWXUHRIWKH&)WXUELQHSURWRW\SHLVUHSRUWHGLQ)LJ
7KH D[LV RI WKH WXUELQH PRYHV D V\QFKURQRXV JHQHUDWRU DQG WKH SURGXFHG HOHFWULF SRZHU LV GLVVLSDWHG WURXJK
UHVLVWDQFHV7KHJHQHUDWRUKDVDQKRUL]RQWDOD[LVDQGSROHVURWRUVXFKWKDWZLWK+]IUHTXHQF\LWKDVDURWDWLRQDO
VSHHGRI5307KHJHQHUDWRULVIHGE\GLUHFWFXUUHQW'&E\PHDQVRIDUHJXODWHGSRZHUVXSSO\WKDWFRQYHUWV
WKHDOWHUQDWLQJFXUUHQW$&LQWRDFRQVWDQW'&WKLVSRZHUVXSSO\V\VWHPDOORZVWRFKDQJHWKHWRUTXHDWWKHVKDIWHQG
DQGVRLWVURWDWLRQDOYHORFLW\$WRUTXHPHWHUZKLFKDOORZVWRPHDVXUHWKHWRUTXHXSWR1PWUDQVPLWWHGIURP
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WKHWXUELQHVKDIWWRWKHJHQHUDWRUVKDIWLVLQVWDOOHGEHWZHHQWKHWXUELQHDQGWKHV\QFKURQRXVJHQHUDWRU7KHWRUTXH
PHWHUDOVRDOORZVWRPHDVXUHWKHURWDWLRQDOYHORFLW\RIWKHWXUELQHVKDIWXSWR530


)LJ7ZRGLIIHUHQWYLHZVRIWKH&URVV)ORZWXUELQHSURWRW\SH
7KHH[SHULPHQWDOVWDQGDOORZVWRPHDVXUHERWKSUHVVXUHDQGSLSHYHORFLW\LPPHGLDWHO\DERYHWKHWXUELQHDQG
SURYLGHH[SHULPHQWDOHYLGHQFHRIWKHSUHYLRXV(TPHDVXUHWKHK\GUDXOLFHIILFLHQF\RIWKHWXUELQHDQGFRPSDUH
LWV YDOXH ZLWK WKH UHVXOW RI WKH &)' VLPXODWLRQV 7KH DFTXLVLWLRQ RI WKH H[SHULPHQWDO GDWD LV FRQWUROOHG E\ D
SURJUDPPDEOHORJLFFRQWUROOHU3/&HPEHGGHGZLWKWZR,2FRPSDFWPRGXOHVIRUDQDORJVLJQDOVDQGIRUGLJLWDO
VLJQDOVDQGDWZRFKDQQHOHQFRGHU7KHVRIWZDUHDOORZVWRKDYHDUHDOWLPHDFFHVVWRDOOWKHVHQVRUV$/DEYLHZFRGH
KDVEHHQGHYHORSHGWRSURFHVVDQGVWRUHWKHWLPHVHULHVRIWKHZDWHUGLVFKDUJHIORZLQJLQWRWKHWXUELQHWKHSUHVVXUH
DWWKHLQOHWWKHWRUTXHDWWKHLPSHOOHUVKDIWDQGWKHURWDWLRQDOVSHHGRIWKHLPSHOOHU
7KHWHVWVKDYHEHHQFDUULHGRXWPDQO\IRUWKHYDOLGDWLRQRIWKHHIILFLHQF\FXUYHDQGRIWKH(TEHWZHHQLQOHW
KHDGDQG&9FRHIILFLHQWDVFRPSXWHGZLWKWKH&)'VLPXODWLRQV2WKHUWHVWVKDYHEHHQFDUULHGRXWLQRUGHUWRVWXG\
WKHHIIHFWRIDQ LQWHUQDO VKDIWRQ WKH WXUELQHHIILFLHQF\7R WKLVHQGXVLQJ WKH VDPH LPSHOOHUZLWKEODGHV WZR
GLIIHUHQW FRQILJXUDWLRQVKDYH EHHQ FRPSDUHG ZLWKRXW WKH URWDWLQJ VKDIW ZLWK D PPGLDPHWHU VKDIW7KH
H[SHULPHQWDOUXQVKDYHEHHQSHUIRUPHGNHHSLQJDFRQVWDQWYDOXHRIWKHSUHVVXUHSXSDWWKHQR]]OHLQOHWVHFWLRQLQWKH
UDQJHEDUDQGH[SORULQJDZLGHUDQJHRIURWDWLQJYHORFLW\IURPWR530)RUHDFKWHVWWKHWLPH
VHULHVRIWKHZDWHUGLVFKDUJH4IORZLQJLQWRWKHWXUELQHWKHSUHVVXUHDWWKHQR]]OHLQOHWSXSWKHWRUTXH7RIWKHLPSHOOHU
VKDIWDQGWKHURWDWLRQDOVSHHGZ RIWKHLPSHOOHUKDYHEHHQUHFRUGHG7KHFROOHFWHGGDWDKDYHEHHQXVHGWRHVWLPDWH
WKHWXUELQHHIILFLHQF\K DVUDWLREHWZHHQWKHK\GUDXOLFSRZHU3KDQGWKHPHFKDQLFDOSRZHU3PDWWKHLPSHOOHUVKDIW
7KHWLPHVHULHVRIWKHDIRUHPHQWLRQHGYDULDEOHVKDYHEHHQILOWHUHGLQRUGHUWRUHGXFHWKHQRLVHRIWKHVLJQDODQGWR
UHPRYHWKHRXWOLHUVYDOXHVZLWKRXWORVLQJWKHVLJQDOVKDSH)LUVWWKHGDWDKDYHEHHQGHQRLVHGZLWKDFXELFVPRRWKLQJ
VSOLQHE\XVLQJD)RUWUDQURXWLQHLPSOHPHQWHGLQD0DWODEVFULSWDIUHTXHQF\DQDO\VLVRIWKHVPRRWKHGVLJQDOE\
PHDQV RI WKH )DVW )RXULHU 7UDQVIRUP ))7 DOJRULWKP >@ ZDV WKHQ XVHG IRU UHVXOW YDOLGDWLRQ 7KH RXWOLHUV
REVHUYDWLRQVZHUHUHPRYHGE\XVLQJWKHZKLWHQLQJWHVWRIWKHUHVLGXDOVUWEHWZHHQWKHRULJLQDOVLJQDOIWDQGWKH
VPRRWKHGRQHIVW7KXVWKHDXWRFRUUHODWLRQRIWKHUHVLGXDOVUUNZDVHVWLPDWHGLQRUGHUWRLGHQWLI\WKHGDWDIDOOLQJ
LQWRDFRQILGHQFHLQWHUYDORIWKHFRYHUDJH>@
     
N
U N N1U   !   
ZKHUHNLVWKHDGRSWHGODJWLPH$IWHUWKHVWDWLVWLFDODQDO\VLVZDVFDUULHGRXWRQWKHFROOHFWHGGDWDVHULHVWKHWLPH
DYHUDJHGYDOXHVRIWKHYHORFLW\FRHIILFLHQW&9DQGRIWKHWXUELQHHIILFLHQF\KDYHEHHQILQDOO\HVWLPDWHGE\PHDQVRI
(TV
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([SHULPHQWDODQG1XPHULFDOUHVXOWV
7KHSRZHU3PPHDVXUHGDWWKHVKDIWRIWKHWXUELQHLVIXQFWLRQRIWKHPDFKLQHJHRPHWU\DQGPDWHULDODVZHOODVRI
ERWKWKHGLVFKDUJH4DQGWKHKHDG+DWWKHLQOHWRIWKHQR]]OH2QWKHRWKHUKDQGWKHJHRPHWULFNLQHPDWLFDQGG\QDPLF
VLPLODULW\RFFXUULQJDPRQJH[SHULPHQWVZLWKWKHVDPHYHORFLW\UDWLR9W8LPSOLHVWKDWGLPHQVLRQOHVVHIILFLHQF\DQG
YHORFLW\FRHIILFLHQW&9VKRXOGEHIXQFWLRQRQO\RI9W8>@)RUHDFKLPSHOOHUFRQILJXUDWLRQZLWKRUZLWKRXW
LQWHUQDOLPSHOOHUVKDIWWKHWHVWVKDYHEHHQFDUULHGRXWZLWKDYHORFLW\UDWLRLQWKHUDQJH9W8 ±DQGDQLQOHW
QR]]OH SUHVVXUH SXS LQ WKH UDQJH RI    EDU 7KH H[SHULPHQWDO UHVXOWV KDYH EHHQ FRPSDUHG ZLWK QXPHULFDO
VLPXODWLRQVFDUULHGRXWE\PHDQVRIWKHFRPPHUFLDOVROYHU&);
,QWKHFDVHRILPSHOOHUZLWKRXWWKHLQWHUQDOVKDIWWKHPHDVXUHGHIILFLHQFLHVZHUHDOPRVWWKHVDPHIRUDFRQVWDQW
YDOXHRIWKHUHODWLYHYHORFLW\LQDJUHHPHQWZLWKWKHVLPLODULW\ODZVDQGWKHHIILFLHQF\ZDVDOZD\VJUHDWHUWKDQWKH
RQHFDOFXODWHGE\PHDQVRI&)'DQDO\VLV,Q)LJWKHHIILFLHQF\RIWKHWXUELQHHVWLPDWHGLQHDFKH[SHULPHQWDOUXQ
DQG LQ HDFKQXPHULFDO VLPXODWLRQ LV SORWWHGYHUVXV WKHYHORFLW\ UDWLR9W87KHSORW VKRZV WKDW WKH WXUELQHKDV D
PD[LPXPHIILFLHQF\K  IRUDYHORFLW\UDWLRFORVHWR9W8 LQDJUHHPHQWZLWKWKHDIRUHPHQWLRQHG
GHVLJQSURFHGXUHDQGZLWK(T,Q)LJWKHYHORFLW\FRHIILFLHQW&9HYDOXDWHGE\PHDQVRI(TIURPUHFRUGHG
H[SHULPHQWDOGDWDDVZHOODVQXPHULFDOVLPXODWLRQVLVSORWWHGDJDLQVWWKHYHORFLW\UDWLR7KHUHJUHVVLRQOLQHVRIERWK
WKHH[SHULPHQWDODQGVLPXODWHGGDWDVHWVSURYLGHDQH[FHOOHQWYDOLGDWLRQRI(TZLWKD&9FRHIILFLHQWERXQGHGE\
WKHDQGYDOXHVDQGRQO\ZHDNO\DIIHFWHGE\WKHDFWXDOYHORFLW\UDWLR7KHOLQHDUUHJUHVVLRQRIWKHHVWLPDWHG
YHORFLW\FRHIILFLHQW LV UHSUHVHQWHGE\DQDOPRVWKRUL]RQWDO OLQHHYHQ LIVRPHVSUHDGLQJRFFXUV WKHFRHIILFLHQWVRI
UHJUHVVLRQDUH5 IRUWKHH[SHULPHQWDOYDOXHVDQG5 IRUWKHQXPHULFDOVLPXODWLRQV


)LJ3ORWRIWKHHIILFLHQF\YHUVXVWKHYHORFLW\UDWLR9W8&RPSDULVRQEHWZHHQWKHH[SHULPHQWDODQGWKHQXPHULFDOUHVXOWV

)LJ3ORWRIWKHFRHIILFLHQW&9YHUVXVWKHYHORFLW\UDWLR9W8&RPSDULVRQEHWZHHQWKHH[SHULPHQWDODQGWKHQXPHULFDOUHVXOWV
$VHFRQGVHWRIH[SHULPHQWDOUXQVZHUHSHUIRUPHGWRFRPSDUHWKHHIILFLHQFLHVRIWKHWXUELQHZLWKDQGZLWKRXWWKH
URWDWLQJVKDIW7KHH[SHULPHQWDOUXQVZHUHFDUULHGRXWZLWKDFRQVWDQWLQOHWQR]]OHSUHVVXUHSXS EDUDQGIRUWKH
546   V. Sammartano et al. /  Procedia Engineering  89 ( 2014 )  540 – 547 
VDPHUDQJHRIYHORFLW\UDWLRDGRSWHGIRUWKHILUVWVHWRIWHVWV7KXVWKHUHVXOWVRIWKHVHWHVWVKDYHEHHQFRPSDUHGZLWK
WKHUHVXOWVRIWKHQRVKDIWFRQILJXUDWLRQIRUWKHVDPHSUHVVXUHFRQGLWLRQSXS EDU7KHSORWRIWKHHIILFLHQFLHV
YHUVXVWKHYHORFLW\UDWLRRIWKHVHWHVWVLVUHSRUWHGLQ)LJ
7KHSORW VKRZV WKDW WKH WUHQGRI WKHHIILFLHQF\FXUYHV LVTXLWH VLPLODUEXW WKHSHUIRUPDQFHVDUH ORZHU IRU WKH
LPSHOOHU ZLWK WKH LQWHUQDO VKDIW LQ DJUHHPHQW ZLWK WKH QXPHULFDO UHVXOWV VKRZQ E\ >@ 7KH FRHIILFLHQW YHORFLW\
HVWLPDWHGIRUERWKFRQILJXUDWLRQVZLWKDQGZLWKRXWVKDIWDQGIRUDFRQVWDQWLQOHWQR]]OHSUHVVXUHSXS EDUDUH
FRPSDUHGLQ)LJ7KHSORWVKRZVWKDWWKH&9FRHIILFLHQWLVDOPRVWFRQVWDQWIRUGLIIHUHQWYDOXHVRIWKHYHORFLW\UDWLR
DQGDWWDLQVYDOXHVFORVHWRRQH


)LJ&RPSDULVRQRIWKHHIILFLHQFLHVHVWLPDWHGH[SHULPHQWDOO\EHWZHHQWKHSURWRW\SHZLWKRXWDQGZLWKWKHLQWHUQDOVKDIW

)LJ&RPSDULVRQRIWKHHVWLPDWHG&9EHWZHHQWKHSURWRW\SHZLWKRXWDQGZLWKWKHLQWHUQDOLPSHOOHUVKDIW
&RQFOXVLRQV
7KHSUHYLRXVO\SUHVHQWHGH[SHULPHQWDODQDO\VLVDOORZHGWRYDOLGDWHWKHGHVLJQSURFHGXUHRID&URVV)ORZWXUELQH
DVDOUHDG\GHYHORSHGLQ>@7ZRGLIIHUHQWVHWRIWHVWVKDYHEHHQFDUULHGRXWWKHILUVWVHWDOORZHGWRYHULI\WKHHIILFLHQF\
RIWKHGHVLJQHGWXUELQHDQGWRYDOLGDWHWKHSURSRVHG(TEHWZHHQWKHLPSHOOHU
V LQOHWYHORFLW\9DQGKHDG+D
VHFRQGVHWRIWHVWVDOORZHGWREHWWHUXQGHUVWDQGWKHHIIHFWRIWKHLQWHUQDOVKDIWRQWKHWXUELQHHIILFLHQF\7KHUHVXOWV
FDQEHVXPPDUL]HGLQWKHIROORZLQJRQHV
x ([SHULPHQWDOWHVWVSURYLGHDJRRGYDOLGDWLRQRIWKHUHVXOWVREWDLQHGE\PHDQVRI&)'DQDO\VLVWKHWUHQGRIWKH
HIILFLHQF\FXUYHVLVWKHVDPHHYHQLIWKHH[SHULPHQWDOHIILFLHQF\YDOXHVDUHDOZD\VDELWJUHDWHUWKDQWKHRQHV
REWDLQHGE\QXPHULFDOVLPXODWLRQV
x 7KHYHORFLW\FRHIILFLHQW&9HVWLPDWHGE\PHDQVRI(TLVYHU\FORVHWRIRUDOOWKHH[SHULPHQWDOUXQVDQGLW
LVDOPRVWLQGHSHQGHQWIURPWKHYHORFLW\UDWLR7KLVPHDQVWKDWE\HYDOXDWLQJWKHLQOHWYHORFLW\XVLQJ(TLWLV
SRVVLEOHWRSHUIRUPDJRRGGHVLJQRIWKHWXUELQHJHRPHWU\ZLWKRXWLWHUDWLQJWKHVDPHGHVLJQDFFRUGLQJWRWKH
DFWXDOUHODWLRQVKLSRFFXUULQJEHWZHHQLQOHWYHORFLW\9DQGKHDG+
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x %RWKH[SHULPHQWDOWHVWVDQG&)'VLPXODWLRQVVKRZWKDWLQWHUQDOVKDIWSURYLGHVDFRQVLVWHQWUHGXFWLRQRIWKH
PDFKLQHHIILFLHQF\GXHWRWKHLQFUHDVHGLQWHUQDOHQHUJ\ORVVHV(YHQLIVWUXFWXUDODQDO\VLVLVQRWZLWKLQWKH
VFRSHVRIWKLVUHVHDUFKZHREVHUYHWKDWWXUELQHVWUXFWXUHKDVQRWVKRZQDQ\HYLGHQFHRIGHWHULRUDWLRQDIWHU
VHYHUDOGD\VRIODERUDWRU\WHVWLQJ
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